We report positive and negative factors associated with the most commonly-used methods of reconstruction after pathological fracture of the proximal femur. The study was based on 142 patients treated surgically for 146 metastatic lesions between 1996 and 2003. The local rate of failure was 10.3% (15 of 146). Of 37 operations involving osteosynthetic devices, six failed (16.2%) compared with nine (8.3%) in 109 operations involving endoprostheses. Of nine cases of prosthetic failure, four were due to periprosthetic fractures and three to recurrent dislocation. In the osteosynthesis group, three (13.6%) of 22 reconstruction nails failed. The two-year risk of re-operation after any type of osteosynthesis was 0.35 compared with 0.18 after any type of endoprosthetic reconstruction (p = 0.07). Endoprosthetic reconstructions are preferable to the use of reconstruction nails and other osteosynthetic devices for the treatment of metastatic lesions in the proximal third of the femur.
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The aim of treatment of a patient with metastatic bone disease and a pathological fracture is to provide stable and secure fixation which allows immediate weight-bearing and restoration of function and which will outlast the patient. A common location for failures of fixation of pathological fractures is the proximal femur. The best method of reconstruction is uncertain. Some surgeons prefer endoprosthetic replacement while others advocate the use of reconstruction nails or other osteosynthetic devices with or without the adjunct of cement. We report a retrospective review of a large series of patients to identify the positive and negative factors related to each method.
Patients and Methods
Our retrospective study was based on a consecutive series of 159 patients who had surgical treatment for metastatic lesions of the proximal femur at the Karolinska Hospital between 1996 and 2003. Sixteen patients referred after failure of their primary surgery at other hospitals were excluded. Since the aim of the study was to assess the reasons for reconstructive failures, one patient who had undergone a Girdlestone procedure was also excluded, leaving 142 patients in the study. Four had bilateral fractures giving a total of 146 operations for analysis.
There were 73 women and 69 men with a median age of 69 years (33 to 91). The breast was the most common site of the primary tumour (32%), followed by the prostate (25%) and the lung (11%). The median elapsed time from the date of diagnosis of cancer until operation for the fracture was 2.5 years (0 to 18). The median time varied for the different primary lesions: for the lung it was six months, for the kidney one year, for the prostate two years and for the breast six years. Only 16% of the patients had a solitary skeletal metastasis; 54% had numerous skeletal metastases and 30% also had non-skeletal metastases.
Metastases in the femoral head and neck predominated (55 of 146, 38%), followed by subtrochanteric (51, 35%) and intertrochanteric lesions (40, 27%). A complete fracture was evident in 126 (86%) of the metastases whereas 20 (14%) were operated on for impending fractures. During the eight years of the study there was no strict definition of impending fracture. Generally, prophylactic stabilisation was performed in the presence of considerable cortical destruction associated with pain on weight-bearing or failure to improve after radiotherapy. All 37 prostatic and eight renal lesions were associated with a complete fracture as opposed to 38 of 48 lesions of the breast (79%). Operative treatment. We used a range of implants and osteosynthetic material. The unreamed femoral nail (Synthes Stratec Medical, Oberdorf, Switzerland) was the locked intramedullary device. In seven cases a spiral blade inserted into the femoral head was added so nOncology that it was classified as a reconstruction nail. The other reconstruction nail used was the proximal femoral nail (Synthes Stratec Medical). The Dynamic Hip Screw (DHS) (Synthes Stratec Medical) was the only sliding screw plate used. The Austin Moore hemiarthroplasty (Corin Medical, Cirencester, UK) was the most frequently used implant, followed by the Charnley (DePuy, Leeds, UK) and Spectron (Smith & Nephew, Memphis, Tennessee) total hip replacements (THRs).
Operative treatment was divided into en bloc resection and reconstruction of the involved bone using a tumour prosthesis (five operations), intra-lesional curettage (115) or stabilisation (26). Resection surgery was mainly used in patients with a good prognosis. Reconstruction was achieved by an endoprosthesis in 109 operations and by osteosynthesis in 37. A hemiarthroplasty was the most common method of endoprosthetic reconstruction (51 operations) followed by conventional THR (45), a tumour prosthesis (five), a reconstruction prosthesis (four) and a bipolar prosthesis (four). One of the hemiarthroplasties and two of the reconstruction prostheses were used without cement. Of the 37 cases of osteosynthesis, local excision of the tumour by curettage and cementation was performed in nine operations; in six of 22 reconstruction nail procedures and in three of 12 DHS operations. Prostheses were used in 54 of 55 reconstructions of the femoral head and neck. One patient had hip screws because the fracture was not suspected of being pathological at the time of operation. In 40 intertrochanteric fractures, 28 prostheses, eight DHS and four reconstruction nails were used. In 51 subtrochanteric fractures, reconstruction was achieved with 27 prostheses, 18 reconstruction nails, four DHS and two intramedullary nails (Table I) . Re-operations. Failure of treatment requiring re-operation at the same site was considered to be the end-point of the study. No patient was lost to follow-up. The reasons for reoperation were subdivided into four major causes: periprosthetic fracture, nonunion, technical error and miscellaneous. Survival analysis. This was performed using Kaplan-Meier analysis.
Results
Ten patients were still alive at the last follow-up in February 2005 at a median of 1.6 years after operation.
Complications. The overall rate of systemic complications was 4.1% (six operations) and that of local complications 3.4% (five operations). All 11 complications occurred among the 109 prosthetic replacements and none in the 37 osteosyntheses. Two patients with pulmonary emboli, one each with a perforated colon and cardiac failure, made uneventful recoveries. One patient died from a cerebrovascular accident one day after surgery and another from multiple organ failure at four days. The local complications included four infections and one nerve injury. In the prosthetic replacement group the systemic and local complication rates, excluding prosthetic dislocations, were 5.5% and 4.6%, respectively. Fifteen (13.8%) patients had at least one dislocation; three of whom required revision for recurrent dislocation. The rate of dislocation for hemiarthroplasty was 4% (2 of 51) and for THR 22.2% (10 of 45). Three of the four bipolar prostheses dislocated. In the group of dislocated THRs, eight of 32 (25%) were Charnley THRs (head size 22 mm) used until July 2002 and two of 13 (15.4%) with the Spectron system (head size 28 mm) which was used thereafter. There was no prosthetic dislocation in the nine patients treated with a reconstruction or tumour prosthesis. There was no obvious difference in the complications occurring in patients with a complete or an impending fracture. Frequency of failures. Fifteen of the 146 (10.3%) procedures failed necessitating re-operation. The median time to reoperation was seven months (Table II) . Of the 109 endoprostheses, nine required re-operation (8.3%), as did four (8%) of the 51 hemiprostheses and five of the 45 THRs (11.1%). All but three prostheses were cemented.
Of 37 operations involving fracture fixation six were failures (16.2%). Three of the 22 reconstruction nails (13.6%) required re-operation as did three of the 12 sliding hip screws (25%). In nine patients treated by local excision of the tumour and cement, there was one failure (11.1%) compared with five in the group of 28 patients (17.9%) operated by stabilisation only. Reasons for re-operation. Of the 15 re-operations, five were attributable to technical errors, four to periprosthetic pathological fractures, three to nonunion, and three to miscellaneous reasons (Table II) . Of the five technical errors, one was because of a misplaced reconstruction nail, one to a loose piece of cement entering the joint space leading to pain and three were associated with repeated dislocations. Three of the four periprosthetic fractures occurred immediately distal to the femoral component between nine and 24 months after the primary surgery. The fractures were considered to be pathological since histological evidence of growth of the tumour was present in all three. In the fourth case of periprosthetic fracture, the fracture developed along the stem of a cemented hemiprosthesis leading to pain. No evidence of growth of the tumour was found in the biopsy specimen collected at the re-operation six months after primary surgery. The three cases of nonunion occurred in two patients with reconstruction nails, and one with a DHS which broke at the site of the fracture, between seven and 27 months after the primary surgery. There were no radiological, surgical or histological findings of tumour at the site at reoperation.
Of the miscellaneous reasons for re-operation, one was avascular necrosis of the femoral head 19 months after a subtrochanteric fracture had been treated successfully by a DHS. A second case was caused by a fall two weeks after primary surgery leading to breakage of a DHS. The third was in a patient who had severe load-related pain after reconstruction of a fracture of the femoral neck with a cemented hemiprosthesis. The radiological appearances suggested inadequate fixation of the prosthesis, but this was not confirmed at re-operation two weeks after the primary surgery. Treatment of failures. Procedures performed for the 15 failures involved 13 endoprosthetic replacements, one reconstruction nail and one femoral plate. The patient who received the femoral plate suffered two more failures of reconstruction requiring two subsequent surgical procedures (Table II) . Patient and tumour features. Breast cancer was the primary tumour with the highest rate of re-operation, nine of 15 failures (Table II) . Re-operations were more common in the intertrochanteric (six of 15) than in the subtrochanteric (five of 15) or the cervical (four of 15) region. Survival. The Kaplan-Meier survival rate for the whole series of 142 patients was 0.3 at one year after surgery, 0.1 at two years and 0.07 at three years.
The median survival after operation for a pathological fracture for patients requiring re-operation was 15 months compared with five for patients not requiring further surgery (p = 0.03). Of the ten patients who are still alive, one has had further surgery. Kaplan-Meier estimates showed that the risk of re-operation increased linearly with times, being 0.14 at one year and 0.20 at two years. Only 14 patients were still at risk of re-operation at two years. Univariate analysis of failures. The two-year risk of re-operation after any type of osteosynthesis was 0.35 compared with 0.18 after any type of endoprosthetic reconstruction (p = 0.07).
Discussion
In 1999 we reported a study of 192 patients treated surgically for 228 pathological fractures of the long bones between 1986 and 1995. 1 The most important risk factor for failure of treatment was the length of survival after operation. In addition, reconstruction based on prosthetic as opposed to osteosynthetic devices appeared to be safer. Consequently, we have favoured endoprosthetic replacements rather than osteosynthesis for pathological fractures. We have now evaluated our results for proximal femoral lesions from 1996 to 2003. One aim was to determine whether, with experience, our results were better. Disappointingly, they were not. The overall rate of failure from 1986 to 1995 for the proximal femur was 9% (ten of 108) as compared with 10.3% (15 of 146) in the present study. By performing fewer osteosyntheses, failure due to local progression of disease, poor initial fixation, nonunion and stress fracture has decreased, but we encountered technical errors in endoprosthetic surgery and periprosthetic fractures. Nevertheless, osteosynthetic devices were still responsible for six of 15 failures and were associated with a higher rate of failure than for prostheses.
In the present study, the rate of dislocation was 13.8% and three prostheses were revised because of recurrent dislocation. The rate was more than five times greater in THRs (22.2%) than hemiarthroplasties (4%). A dislocation rate of 22.2% for pathological fractures treated by THR is high, but is comparable with that in published data for nonpathological displaced femoral fractures. 2, 3 Of four patients treated surgically with bipolar prostheses, three had a dislocation. This finding makes us hesitant to use bipolar prostheses in pathological fractures.
Four of 109 (3.7%) endoprosthetic replacements led to a periprosthetic fracture which is comparable with the incidence of periprosthetic non-pathological fractures after revision (2.4%). 4 If a reconstruction nail or long-stemmed prosthesis had been chosen, at least three of the four fractures could probably have been avoided. Some authors propose that long-stemmed prostheses should be used routinely while others oppose this view because of the increased risk of cardiac arrest. [5] [6] [7] The use of long-stemmed femoral components routinely when the incidence of periprosthetic fracture is only 4% is questionable. Additionally, in the three cases in which the fracture was at the tip of the femoral component, biopsy showed tumour cells. The aetiology of these fractures may be intra-operative tumour-cell seeding since the fractures occurred at a mean of 20 months after operation. The use of long-stemmed prostheses would not have prevented this.
Six of 37 (16.2%) osteosynthetic reconstructions failed and warranted re-operation. When local removal of the tumour was followed by cementation, one of nine (11%) reconstructions failed as compared with five failures in the group of 27 patients (19%) in whom curettage alone was used. Many previous studies support the addition of cement in osteosynthesis of pathological fractures. [8] [9] [10] The overall rate of re-operation was 8.3% (nine of 109) in the prosthetic and 16.2% (six of 37) in the osteosynthetic groups. The rates of re-operation for prostheses compared with reconstruction nails were almost double, 8% vs 14% (three of 22). In the femoral head and neck, endoprostheses were almost exclusively used and comparison between endoprosthetic and osteosynthetic reconstruction was not possible. For 40 intertrochanteric fractures, the prosthetic rate of re-operation was 10.7% (three of 28) compared with 25% (three of 12) for osteosynthetic devices. For 51 subtrochanteric fractures, it was 7.4% (two of 27) compared with 12.5% (three of 24) for osteosynthetic reconstructions. Between 1992 and 2003, three reconstruction nails used for subtrochanteric lesions failed at seven, 11 and 27 months after operation because of nonunion. We conclude that reconstruction nails should be used with caution in patients with a good prognosis.
A complete fracture was seen in 86% of the lesions and only 14% of the patients were treated prophylactically. Some authors recommend more frequent use of prophylactic surgery. 11 With wide indications, more patients in the early stages of disease will be operated on when the potential healing of the fracture is better, leading to fewer failures of osteosynthesis. 12 However, this may result in unnecessary operations since pathological fractures may be prevented by radiotherapy, bisphosphonates and other oncological treatments. Two large trials of radiotherapy for bone metastases had a rate of fracture of only 5% and 10%, respectively. 13, 14 It has been reported that the risk of pathological fracture in prostate cancer is low since the lesions are predominantly blastic. 15, 16 In our series, prostate cancer was the second most common primary tumour and all 37 cases were associated with a complete pathological fracture, possibly because the sclerotic bone became increasingly brittle and prone to fracture.
This retrospective study with a mixture of tumours and methods of surgical treatment prevents definite conclusions being made on the ideal operative management of pathological fracture of the proximal femur. However, the study was based on a large database of prospectively collected material without loss to follow-up. The results support our previous opinion that endoprosthetic replacement may be a safer method than osteosynthesis in the proximal femur. Endoprostheses are not dependent on healing of the fracture, which is often poor in patients with cancer because of systemic and local factors. Endoprostheses replace bone whereas osteosynthetic implants are at best load-sharing and will ultimately fail if the bone does not heal. However, dislocations after endoprosthetic replacement are of major concern and efforts to reduce this complication are necessary.
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